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η(x, y, t)
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b(x, y, t)
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h (x, y, t) = η (x, y, t) − b (x, y, t)
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Ωt = { x = (x, y, z) / (x, y) ∈ ω
!#1A
b (x, y) ≤ z ≤ η (x, y, t) }.
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(x, y, z, t)
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(x̂, ŷ, ẑ, t̂)
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t̂ = t, x̂ = x, ŷ = y
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ẑ = σ (x, y, z, t) ,
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σ (x, y, ẑ, t)
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∂σ/∂z ≥ 0
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{
σ(x, y, η(x, y, t), t) = 1
σ(x, y, b(x, y, t), t) = 0 ∀ (x, y, t) ∈ ω × I.
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Ω̂ = { x̂ = (x̂, ŷ, ẑ) / (x̂, ŷ) ∈ ω
!#1A
0 ≤ ẑ ≤ 1 }.
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σ (x, y, ẑ, t)
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σ (x, y, ẑ, t)
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σh (x, y, ẑ, t)
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t = tn
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xni = x̂i, y
n
i = ŷi
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zni = σh(x̂i, ŷi, ẑi, t
n),
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(x̂i, ŷi, ẑi)
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ẑ = 0
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ẑ = 1
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σ (x, y, z, t) =
z − b (x, y, t)
h (x, y, t)
.
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&<$'67!#>EF$'6>9<-C1$'>&xE[!#6>01$`>z1$`&<$J+.$'&<$'1/:$
A-3BC!#>2R+-3&<$:-EF$'&l1$;&<$'67!#>EF$4(5ALn-#+,$=!3/<67!:9F$'&Xg î  æ  1$`(5ALnAL>EWA$:A^G9d1$`6-/=!#6f(T!#<$'&
A$'Zgyx$:VG0"!#6 <-C1$4/:-3&&<$:m-31AL>?|(5ALz>1$`&<$J+}$'&<$'1/:$`/:-3@1?[0&U!#-32]2!#1AG01x>xX/:-3LI
U!#GQ-EF$'&51$x>BD$!#1Ay-=EF$'&51$x(51-36$PK(T-#IKAL>BD$'1-3"!#6fA-3BC!#>
ω
R 	f>?[0&<$lv1-=(QQ!#y$JY1!#B{6$
-#+H<01/<!4BC!#>?1R
Ω Ω(t)
1
0
η (x,y,t)
b(x,y,t)
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Ât : Ω̂ −→ Ωt, x(x̂, t) = Ât(x̂)
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x = x̂, y = ŷ
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z = Z (x, y, ẑ, t) ,
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Z (x, y, ẑ, t)
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Z(x, y, 0, t) = η(x, y, t), ∀ (x, y, t) ∈ ω × I,
Z(x, y, 1, t) = b(x, y, t).
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= −Ĵ −1t
∂z
∂x
∣
∣
∣
x̂
,
c} Fe
∂ẑ
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dẑ
dt
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∂ẑ
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∂ẑ
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Ĵt w
∗ = ŵ −
∂z
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− û
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∣
∣
∣
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∂(Ĵt)
∂t
∣
∣
∣
x̂
+
∂(Ĵt u)
∂x
∣
∣
∣
x̂
+
∂(Ĵt v)
∂y
∣
∣
∣
x̂
+
∂(Ĵt w
∗)
∂ẑ
= 0
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1
ρ
∇2p
)
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∂ŵ
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1
ρ
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1
ρ
∂p
∂ẑ
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Z : Ω̂ × I −→ Ωt
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{
Z(x, y, 0, t) = η(x, y, t),
Z(x, y, 1, t) = b(x, y, t), ∀ (x, y, t) ∈ ω × I.
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0 = ẑ1 < . . . < ẑk < . . . < ẑNl = 1.
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ẑk
]%(5/Unx/:-31<U!#G
>o"!3/:$|!#1Ap>BD$[R p$D(5>6>6TA$'1-3<$D^W9
lk+1/2
1$D67!:9F$'&4A$'6>>B{><$:A^W9n6$'EF$'6
k
!#1A
k + 1
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k = 1, . . . , (Nl − 1)
]"!#1AZ^G9
∆ẑk+1/2 = ẑk+1 − ẑk
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Z (x, y, ẑ, t)
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ω × [ẑk, ẑk+1] × I

Zk+1/2 (x, y, ẑ, t) =
∆zk+1/2(x, y, t)
∆ẑk+1/2
(ẑ − ẑk) + zk (x, y, t) ,
c}jF[e
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zk (x, y, t)
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∆zk+1/2 (x, y, t) = zk+1 (x, y, t) −
zk (x, y, t)
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{zk (x, y, t) / k = 1, . . . , Nl}
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(x, y, t) ∈ ω × I




z1 (x, y, t) = bh (x, y, t) ,
zNl (x, y, t) = hh (x, y, t) ,
zk+1 (x, y, t) − zk (x, y, t) ≥ hmin > 0 ∀k ∈ [1, Nl − 1],
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hmin
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Ωh,t
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Th,t
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Âh,t : Ω̂ −→ Ωh,t, x(x̂, t) = Âh,t(x̂)
(5>
x = x̂, y = ŷ
!#1A
z = Zh (x, y, ẑ, t) ,
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Zh (x, y, ẑ, t)
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k = 1, . . . , (Nl − 1)
zk (x, y, t) = hh (x, y, t) ẑk + bh (x, y, t)
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Zh (x, y, t)
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






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












zk (x, y, t) =
(
z4 − bh (x, y, t)
ẑ4
)
ẑk + bh (x, y, t)
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1 ≤ k < 4,
z4 (x, y, t) = c4,
z5 (x, y, t) = c5,
zk (x, y, t) =
(
ηh (x, y, t) − z5
1 − ẑ5
)
(ẑk − ẑ5) + z5
+.-3&
5 < k ≤ 7,
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zk (x, y, t)
+}-3&
k = 1, . . . , (Nl − 1)
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   (t)= η
Ω(t)Ω
1
z4
0
z7 
z1 = b(t)
z5
z4
z5 Ah,t
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k = 1, . . . , (Nl − 1)

Ĵh (x, y, ẑ, t) =
∂Zk+1/2
∂ẑ
(x, y, ẑ, t) =
∆zk+1/2 (x, y, t)
∆ẑk+1/2
c1ie
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ω × [ẑk, ẑk+1], ∀ t ∈ I .
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Ĵk+1/2
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Ĵh
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ẑ
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Ĵk+1/2 (x, y, t) =
∆zk+1/2 (x, y, t)
∆ẑk+1/2
>
ω, ∀t ∈ I .
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ψh : Ωh,t −→ R
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Ωh,t
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∫
Ωh,t
ψh dx =
∫
Ω̂
Ĵh,t ψ̂h dx̂
=
∑
k=1,...,Nl−1
∫
l̂k+1/2
Ĵk+1/2 (x, y, t) ψ̂h (x, y, ẑ) dx̂
=
∑
k=1,...,Nl−1
∫
ω
Ĵk+1/2 (x, y, t)
(
∫ ẑk+1
ẑk
ψ̂h (x, y, ẑ, t) dẑ
)
dω .
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a) Classical sigma grid
b) Generalized sigma grid
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